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RADIATION PRESSURE AND CELESTIAL MOTIONS 
By HENRY NORRIS RUSSELL 


ABSTRACT 


Radial velocities of nebulae——Various suggested explanations are shown to be 
inadequate. (1) The maximum radiation pressure due to the Galaxy as a whole is 
probably less than 210-13 dynes/cm?. After deriving an expression for the acceler- 
ation which this could produce in a spiral nebula of a given apparent diameter, parallax 
and spectroscopic rotation, it is shown that even on the most favorable assumptions 
the acceleration of the Andromeda nebula cannot exceed 1. 1X 10—1!° cm/sec?., or that 
of N.G.C. 4594, 1.5 X 10-13 cm/sec?. (2) The gravitational attraction of the Galaxy 
upon these nebulae is probably much greater than the repulsion due to radiation, 
but it is nevertheless too small to account for their observed radial velocities. (3) And 
electrostatic repulsion, if sufficient to neutralize gravitational attraction, would cause the 
disruption of the bodies. In fact pressure of any sort could not sensibly alter the 
motion of a spiral nebula without seriously deforming it. 

Radiation pressure between binary stars must even in extreme cases be less than 
one ten-thousandth of the gravitational attraction, and is probably much smaller. 


The radial velocities of those spiral nebulae which have so far 
been observed show a strong preponderance of motions of recession. 
It has been suggested’ that this indicates that these nebulae are 
repelled by the galactic system, and that radiation pressure may be 
the effective force involved. This hypothesis may easily be tested 
by quantitative calculations, and the result is found to be decisively 
against it. 

1. Magnitude of the radiation pressure-—We are here concerned 
with the radiation of the galactic system as a whole rather than 

*H. Shapley, Astrophysical Journal, 50, 133, 19109. 
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that of individual stars. According to the recent determination 
by van Rhijn* the light which the earth receives from one square 
degree of the sky (after correction for sources internal to the solar 
system) varies from o.o1o of that of a first magnitude star, for 
regions near the galactic pole, to 0.080 at the galactic equator, 
the average for the whole sky being 0.035. From a point well 
outside the galactic plane the surface brightness of the Galaxy, 
viewed normally to its plane, should be twice that of our sky near 
the galactic pole, or 0.020. We shall probably overestimate the 
total radiation at such a point if we assume that half the celestial 
sphere has the average brightness of our sky, 0.035, while the 
other half is quite dark. The whole radiation from the bright 
hemisphere will equal that of 720 stars of the first magnitude; 
but the flux of radiation perpendicular to the diametral plane will 
be half as great, or equal to 360 stars of the first magnitude, or 
one star of magnitude —5.4. ‘The sun as seen from the earth is 
of visual magnitude — 26.7, and the pressure of its radiation upon 
a black surface normal to it is 4.5 X10~5 dynes per square centi- 
meter. If the average character of starlight is assumed to be 
similar to that of sunlight, the radiation pressure due to the galactic 
13 


hemisphere works out as 1.3310‘ dynes/cm’. Since the 


luminous efficiency of sunlight is near the maximum, this estimate 
may be somewhat low. We will therefore adopt 2.0107% 
dynes/cm? as the radiation pressure due to the light of the Galaxy 
at an external point not far from it. For points at distances 
comparable with the diameter of the galactic system, the luminous 
part of the sky will be less than a hemisphere, and the pressure 
smaller, and at great distances it will be inversely proportional 
to the square of the distance. 

2. Assumptions regarding radiation pressure on nebulae.—The 
conditions under which radiation pressure may produce the greatest 
effect in setting a nebula into bodily motion may be summarized 
as follows: 

a) The plane of the nebula is perpendicular to the direction of 


the pressure. 


tH. Shapley, Astrophysical Journal, 50, 373, 1919. 
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b) The nebula intercepts as much radiation as an opaque cir- 
cular disk equal in diameter to its own maximum diameter. 

c) The mass of the nebula is as small as is consistent with known 
data. 

These assumptions will give a superior limit for the influence of 
radiation pressure. ‘To estimate the mass, we may use the spec- 
troscopic observations, which show that the central portions of 
some nebulae are rotating substantially like rigid bodies, and 
assume that the centrifugal force at the periphery of this region is 
equal to the gravitational attraction of the whole mass. On 
account of the shape of the nebula, the latter attraction will be 
somewhat greater than if the mass was concentrated at the center; 
but this factor will probably be more than balanced by the neglect 
of radiation pressure inside the nebula, which, in so great a mass, 
is likely to be important." 

Let us now suppose that the radius of this central portion of 
the nebula is 7, its extreme outer radius R, and its parallax 7 (all 
in seconds of arc), and that the peripheral velocity at the distance 
r is V kilometers per second. The true radius of the nebula is 
then R/m astronomical units, or 1.510% R/rcm and its area 
7.04 10° R?/m? cm?, so that the whole force of radiation pressure 
upon it will at most be F=1.4X10"%R?/m? dynes. The radius of 
the central region is 1. 5 X 10%7/m cm and the velocity at this distance 
105V cm/sec. The mass is M= a , where v and ¢ are expressed in 
C.G.S. units, and G is the gravitational constant, 6.66X107°. 


Hence 


2 


Muws.sgter” " gm. (1) 
Tv 


The acceleration produced in this mass by radiation pressure is 
therefore 

A=6.3X107'7 R?/V?rr cm/sec?. (2) 
All the quantities which appear in the second member of this 
equation are approximately known except z. The smaller the 
parallax, the greater will be the effect of radiation pressure. 


t Jeans, Monthly Notices of the Royal Astronomical Society, 79, 328, 1919. 
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3. Numerical examples.—We will now apply these formulae 
to the two nebulae for which sufficient data exist. 

a) The great nebula in Andromeda: Pease’s spectrograms' 
indicate that the radial velocity along the major axis of this nebula 
changes by 0.48 km fer second of arc from the nucleus, up to a 
distance of at least 160’’. The velocities in the plane of the nebula 
are probably 1.03 times the radial velocities. We assume therefore 
r=180"’, V=90 km/sec. (which may be too small). For the maxi- 
mum radius Lundmark? gives R=3600". The parallax is very 
uncertain. To get a maximum effect we will take Lundmark’s 
value,’ the smallest that has ever been suggested, 5’’x 107°. We 
thus obtain the acceleration, 


A=1.12X107~*° cm/sec’. 


b) N.G.C. 4594.—-The radial velocity changes by 2.78 km per 
second of arc up to a distance of at least 140.4 The radial veloci- 
ties are practically in the plane of the nebula. We therefore let 
r=150,V=415km/sec. From Lundmark’s list we have R= 210”; 
a=7'’X10~7 (the mean of two very discordant estimates). These 
data give 

A=1.53X107~ "3 cm/sec.’? 

The greater of these two accelerations, acting continuously for 
100 million years, would produce a velocity of 3.5 km/sec. At 
the present radial velocity of —316 km/sec., the Andromeda 
nebula would require 6.5104 years to traverse the enormous 
assumed distance of 200,000 parsecs, and radiation pressure during 
this interval would reduce its velocity by 23 km/sec. For N.G.C. 
4594 the corresponding effects are very much smaller. These 
estimates are probably very much exaggerated. The nebulae in 
question are by no means as large as the circles which circumscribe 
them; it is far from certain that they absorb all the radiation that 
falls upon them; and, above all, their actual parallaxes may be 
much greater than the assumed values. Moreover, the assumed 


t Proceedings of the National Academy of Sciences, 4, 24, 1918. 

2 Kgl. Sv. Vet. Akad. Handlingar, 60, 8, 61, 1919. 

3 Ibid., p. 62. 

4 Pease, Proceedings of the National Academy of Sciences, 2, 520, 1916. 
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distances are so great that it is probable that, seen from such 
distances, the Galaxy would cover but a small portion of a hemi- 
sphere and that its radiation would be correspondingly smaller. 
It appears therefore safe to conclude that radiation pressure 
cannot have modified the radial velocities of these nebulae, during 
the time when they were in the vicinity of the Galaxy, by any 
important fraction of their present amounts. Though only two 
nebulae are at present available for discussion, the results are so 
conclusive as to settle the question. 

4. Comparison with gravitational attraction.—It must not be 
forgotten that the stars composing the Galaxy exert a gravitational 
attraction on the nebulae, as well as a radiation pressure. For 
any given star the ratio of these two forces is independent of the 
distance, but varies with the mass and area of the body on which 
they act. The same will evidently be true of the radiation and 
gravitation of the galactic system as a whole. At the earth’s 
distance from the sun, the gravitational force is g=o.592 dynes 
per gram, and the radiation pressure p=4.49X10~* dynes/cm?. 
For a body of mass m grams, which presents an effective surface 
s cm? to the sun’s rays, the ratio 


pa t-32X 10 = (3) 


so that radiation pressure becomes important only for very small 
particles, as is well known. ‘The corresponding ratio for the 
Galaxy as a whole will be greater or less than this according as the 
average emission of radiation per unit mass of galactic matter is 
greater or less than in the case of the sun. This average value 
would be hard to estimate; but we may set a superior limit to it by 
taking the corresponding quantity for the giant stars, which are 
known to be the brightest in proportion to their mass. 

In an investigation by the writer’ 169 slow binaries of all spectral 
types from B to M, which gave evidence of being giant stars, were 
found to have mean absolute magnitude —o.8, corresponding to 
180 times the sun’s light, and an average mass 8.1 times that of 
the sun, so that the ratio of light to mass is 22 times that for the sun. 


' For an abstract of some of the results, see Publications of the American Astro- 
nomical Society, 3, 327, 1918. 
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In view of the great numbers of dwarf stars, which give out far 
less light in proportion to their masses, and the existence of unknown 
quantities of dark matter, it is probable that the radiation per unit 
mass for the Galaxy as a whole is much less than this; but, assum- 
ing this exorbitant value, we find g/p=600 m/s. 

On the assumptions of section 2, we find for a spiral nebula as 
a whole m/s=3.2X103 V*rr/R’. Introducing the numerical data 
of section 3, we find for the Andromeda nebula m/s=1.8 1073 
gm/cm?, g=1.1p, while, for N.G.C. 4594, m/s=1.3 gm/cm’; 
g=800 p. The computed surface density for the Andromeda 
nebula is much the smaller of the two, because the “central 
region’ has been assumed to be much smaller in comparison to the 
whole nebula. 

Since all the data have been deliberately chosen so as to exag- 
gerate the importance of radiation pressure, it may be concluded 
that, in all probability, the gravitation of the galactic system is 
much more important, in its influence upon the nebulae, than the 
pressure of its radiation. 

5. Magnitude of the attraction —To get a rough idea of this, let us 
suppose that the mass of the galactic system is equal to 10 suns, 
or 2X 10% grams (which is four times larger than Jeans’s estimate’), 
and that this acts as if concentrated at a point from which dis- 
tances are measured. or 

For the Andromeda nebula we have, from (1), M=2- 3" gms 

, . 5-5 X 10% Mies , 
and for N.G.C. 4594 M=° 7 gms. The parabolic velocity, 


‘ 
U’, for two bodies of masses M and m’, at a distance r, is given 


; _ G(m+m’) 
by the equation U = . For a nebula of parallax 7z, 
; Tey r 
2.08 X 10% ; , . ' 
f= cm. Introducing m’=2X 10%, and the values of M 
T 
given above for the two nebulae, we find, for the Andromeda nebula, 


in kilometers per second, 


U = 6600 (r7+1.6X107~7)3, 


1 


Similarly, for N.G.C. 4594, we find U=6600 (r+2.9X10~°)?. 
The parabolic velocity would equal the observed radial velocity of 


t Problems of Cosmogony, p. 222 (1919). 
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the Andromeda nebula, — 316 km/sec., if r=o%0023. For N.G.C. 
4594, with a radial velocity of +1180 km/sec., the corresponding 
value of 7 is 0%032. 

There can be no reasonable doubt that the distances of these 
two nebulae are greater than the limits thus assigned, and it 
follows that, on the assumptions made, the gravitational attraction 
of the whole Galaxy is insufficient to produce the observed radial 
velocities by a fall from infinity, or to prevent the nebulae from 
receding to an infinite distance. As a large value was purposely 
taken for the assumed mass of the Galaxy, the conclusion appears 
trustworthy. 

6. Radiation pressure on stars —It has been recently suggested’ 
that radiation pressure may nearly neutralize the attraction of the 
components of certain spectroscopic binaries for one another, or 
of such a nebula as that in Orion upon the neighboring stars. 

For a pair of stars similar to the sun, we have from (3) (intro- 
ducing s=1.52X10”", m=1.98X10%) p/g=5.8X10~"%. Taking 
now the sun’s mass, radius, cross-section, etc., as units, and con- 
sidering the influence of a star of mass M,, area S,, and surface- 
brightness J,, upon a companion of mass M, and area S,, we have 


SS, 


MM, ° (4) 


p/g=5.8X107-° J 


Let a be the mean distance of M, from the center of gravity, 
e the eccentricity of the orbit, and y the ratio M,/M,. The peri- 
astron distance is a (1+y) (1—e). The sum of the radii of the 
stars must be less than this; whence S,S,< ;'sa4(1+y)4(1—e)’. 
If P is the period in days, we have (remembering that a is measured 
in solar radii) 
a3(1+y)3 


M,+M,=0.013 p , 


whence, from (4) 


' J ,.P4(1—e)4 
on ES ce —.. 4 
p/g<2.14X10 a*y ° 


* Henroteau, Journal of the Royal Astronomical Society of Canada, 14, 93, 1920. 
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Let K be the semi-amplitude of variation of radial velocity 
of the bright star (in km/sec.). Then, in our units 


a sin i=o.0198 KP(1—e?)! 
and 
ae 
ple<s.sXr0-1 8g, SO inti. (5) 

The last two factors are always less than unity; and y is greater 
than unity in all spectroscopic binaries for which it can be 
determined. 

Applying (5) to those spectroscopic binaries for which p/g comes 
out greatest, and introducing plausible (and, on the whole, high) 
values of /,, we find: 





Star P e K Spectrum J Limit of p/g 
days km 

I og Sidigeg ncibn'e 138 0.18 | 14.95 B3 30. 6.6X10 7 
6 Canis Majoris ......... 270 ee cs F8 2. 3.6X10 5 
@ OOte......5... ae 480 0.18 8.46 G = 8.5X10 7 
e Ursae Majoris..... I510 0.31 ‘.s A 10 2.sxX10 * 
+ Geminorum........... 2175 0.30 | 6.12 A 10. 1.8X10 * 
0 ES ee 2120 0.20 2.32 Ma O.1 2.4X10 ° 
IRS i5.6 toe sve viavere e's «| 2990 0.2 2.45 Ma O.1 2.0X10 5 
o HiyGeee..............-.| $588 0.65 | 8.45 F8 2 1.3X10 ° 





| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





The quantities in the last column have still to be multiplied 


rar 
by the factor = * and also by another (and usually very small) 
factor arising from the fact that the stars are probably very far 
from being in contact at periastron. It is therefore evident that 
radiation pressure between the components of a binary system 
must in all cases be utterly negligible, in comparison with gravi- 
tation. 

The whole luminous radiation of the Orion nebula is probably 
less than that of § Canis Majoris (which is at a comparable distance). 
Unless the mass of the whole nebula is less than that of the star, 
its gravitational attraction must enormously exceed the pressure 
of its radiation upon any body of stellar dimensions and mass. 

Radiation pressure is doubtless effective on comets’ tails, on 
account of their excessively low mean density, and is also of funda- 
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mental importance in the interior of giant stars, where the intensity 
of the radiation is exceedingly great; but it appears to be almost 
impotent under other circumstances. Eddington’ has recently 
shown that it is doubtful whether it is competent to support even 
so tenuous a structure as a solar prominence. 

7. Deformation of nebulae by pressure-—It may be shown, more 
generally, that it is very improbable that any uniform pressure 
whatever could sensibly affect the motions of spiral nebulae without 
seriously deforming them. 

It is probable that most of the mass is concentrated in the 
central parts of the nebula, while the pressure will influence mainly 
the extensive outlying regions. It follows that, under the action 
of a lateral pressure, the nebula will assume a dished form, convex 
to the direction from which the pressure comes, so that the gravi- 
tational attraction of the central mass upon any outlying portion 
will have a component perpendicular to the general plane of the 
nebula, and opposite in direction to the pressure, which balances 
the difference in the acceleration of the two masses by the pressure 
itself. These gravitational forces will transfer the momentum 
imparted by the pressure from the outer regions to the nucleus 
and cause the whole nebula to move as one mass. 

Pressure acting parallel to the plane of the nebula would distort 
the arms, in this plane, in a similar fashion. 

No such distortions are apparent upon the photographs of 
spiral nebulae; and it appears safe to conclude that, even at the 
outer edge, the gravitational attraction is fully ten times as great 
as the effects of any lateral pressure which may be present. 

From the data of section 3, the gravitational acceleration at the 

72 
outer edge of the nebula is found to be g=6.66 X10~* = cm/sec.?. 
Suppose now that the lateral pressure is g dynes per cm. The 
acceleration which this will produce upon the nebula as a whole 
2 
< cm/sec?. If K is the ratio of the effective 
surface density (gm/cm?) for any part of the nebula to the mean 
surface density for the whole nebula, the acceleration of this part 
alone under the action of the pressure would be A/K. Let K, be 


is A=3.1X1074 


* Monthly Notices of the Royal Astronomical Society, 80, 723, 1920. 
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the corresponding value for the central region and K, for the outer 
, , ; I I 
edge; then the relative acceleration of the two is A{ -~—T ). 
KR, &;) 
This must not exceed one-tenth of g, which gives 


vw EX, 
A<6.7X107: R K.—K,’ 


The value of the last factor can hardly be estimated, but it is likely 
to be small, since A, is probably considerably greater, and K, 
much less, than unity. We have, therefore, 


V2re 


A<€é6.9xX%1075 
/ R? 


Introducing the numerical values of section 3, we find, for the 
Andromeda nebula, 


A<3.5X107—'? cm/sec’. 
and, for N.G.C. 4594, 
A<2.5X1079 cm/sec’. 


The latter acceleration would require 1.510? years to produce 
the observed radial velocity of the nebula, and during this time 
would drive it to a distance of 9 X 105 parsecs, which is comparable 
with the distance assumed above. It might therefore be claimed 
that the motion of this nebula could be accounted for by a repulsive 
pressure of some sort; but it should be remembered that several 
factors, all tending to diminish the pressure effect, have been 
ignored in the foregoing discussion. ‘The magnitude of the neces- 
sary pressure, 3X10 °° dynes/cm’, is improbably great, being 
equivalent to that of radiation of the quality of sunlight, and 
thirty times as bright as that of the full moon. 

For the Andromeda nebula, the greatest permissible pressure 
is much less than that assumed in section 3, which shows only that 
the choice among uncertain data, there made with the purpose of 
exaggerating the influence of radiation pressure, went too far. 

The argument of this section assumes that the outer parts of a 
spiral nebula are permanently associated with the nucleus and in 
some sort of equilibrium. ‘This is more than dubious; but, if the 





RADIATION PRESSURE AND CELESTIAL MOTIONS II 


arms of the spiral are in process of relatively rapid dissipation into 
space, the influence of pressure upon the motion of the nucleus 
must be much less than that calculated above. 

8. Electrical forces —Finally, a brief examination may be made 
of the suggestion that electrical repulsive forces are concerned in 
the motions of the nebulae. 

In view of the distances and velocities concerned, only electro- 
static forces need be considered. Here a serious difficulty immedi- 
ately appears. If the galactic system as a whole and the nebula 
as a whole are similarly charged, and the electrostatic repulsion 
between them exceeds the gravitational attraction, then the same 
should be true of the forces acting between the separate parts of 
either system, and both should disintegrate. Moreover, the 
magnitude of the charges and potentials involved is extraordinary. 
To realize the order of the quantities concerned, suppose that the 
charge on any body is proportional to its mass, and just sufficient 
to neutralize the gravitational attraction. ‘The necessary quantity 
of electricity is G} or 2.58X10~* electrostatic units per gram. 
Consider a spherical mass of radius r and mean density p. Its 
total charge will be 4zpr3G? e.s.u. Since all bodies of astronomical 
size behave as conductors, this charge will be concentrated on the 
surface, with a surface density o=}prG?. The capacity of the 
sphere is r in electrostatic units, and the potential at the surface 
will be 

V = 4rpr’G? e.s.u. 


At the surface of the sphere there will be an outward pressure 
p, due to the mutual repulsion of the elements of the charge, given 
by the equation p=270?=47p7r’G. It is easily verified that this 
is one-third of the gravitational pressure at the center of the mass, 
if the latter is homogeneous. 

For the earth we have p=5.5, r=6.37X10%cm, whence 
V=2.4X10% es.u.=7.2X10% volts! The electrical pressure 
at the surface comes out 5.75 <10"% dynes/cm? or 570,000 atmos- 
pheres—which would suffice to tear the surface material loose and 
blow it away into the depths of space. For bodies of stellar 
dimensions the results are still more extravagant. 








12 HENRY NORRIS RUSSELL 


It appears therefore that, even if it were possible to charge 
bodies of planetary, and much more of stellar, dimensions to such 
potentials that their electrostatic repulsion equaled their gravi- 
tational attraction, they could not retain these charges. 

9. The results of this summary survey of the problem indicate 
that radiation pressure between individual stars is wholly negligible; 
that such pressures, even under the most favorable assumptions, 
cannot account for any considerable portion of the observed 
velocities of the spiral nebulae; or even counteract the gravi- 
tational attraction of the Galaxy; that it is extremely improbable 
that pressure of any sort could set the nebulae in such rapid motion 
without deforming them to a degree inconsistent with observation; 
and that electrostatic repulsions appear also to be excluded. 

Even the gravitational attraction of the Galaxy appears to be 
insufficient to account for the magnitude of these velocities—to 
say nothing of their signs. Two known explanations, at least, 
remain—the gravitation of a hypothetical huge system of which 
all the nebulae, and our Galaxy, are but parts, and a relativity 
effect, depending perhaps on the ‘‘curvature”’ of space as a whole, 
as discussed by de Sitter.‘ In the writer’s opinion, it is more 
important at present to increase the volume of data available than 
to postulate the existence of unknown forces to explain the small 
amount of evidence which we now possess. 

PRINCETON UNIVERSITY OBSERVATORY 


September 30, 1920 


* Monthly Notices of the Royal Astronomical Society, 78, 28, 1917. 





THE PARALLAXES OF 1646 STARS DERIVED BY 
THE SPECTROSCOPIC METHOD* 


By W. S. ADAMS, A. H. JOY, G. STROMBERG, anp 
CORA G. BURWELL 


ABSTRACT 


Spectroscopic method of determining absolute magnitude and parallax.—Some 
years ago it was discovered that there is a correlation between the relative intensities 
of certain spectral lines and absolute magnitude for stars of the more advanced spectral 
types. In the past three years a large number of new trigonometric parallaxes has 
become available and has enabled this correlation to be established more accurately. 
For the stars for which trigonometric parallaxes have been determined the absolute 
magnitudes have been computed directly, but for the Cepheid variables the parallactic 
motion has been used, and in the case of the giant M stars a combination of results 
derived from peculiar motion and trigonometric parallaxes. The formulae employed 
are shown in the text. The absolute magnitudes obtained in this way have been 
plotted against the relative intensities of certain pairs of lines and from the resulting 
curves reduction tables have been constructed for each observer. These curves 
are continuous except in the case of stars of the late K and M types where the division 
into giants and dwarfs introduces a marked discontinuity. The absolute magnitudes 
and parallaxes derived by means of these tables are found to have probable errors 
of +o.4 magnitude and = 20 per cent, respectively. The method used in classifying 
the spectra and in estimating the intensities of the spectral lines is described. 

Absolute magnitudes and spectroscopic parallaxes of 1646 stars, including revised 
values for 495 stars contained in the 1917 list.—An extensive table gives the Boss or 
Cincinnati number, the name and position of each star, the Harvard visual magnitude, 
total proper motion, spectral type, absolute magnitude, and spectroscopic parallax. 
The trigonometric parallax is given, if known. 


The determination of the absolute magnitudes of stars from the 
intensities of certain spectral lines has formed a regular part of the 
stellar spectroscopic work of the Mount Wilson Observatory during 
the pastfive years. Photographs of the spectra obtained for measure- 
ments of radial velocity have also been utilized for the calculation 
of absolute magnitudes, and the lists of stars under observation 
have been selected with both of these purposes in view. 

Since the last publication in 1917, of absolute magnitudes 
and parallaxes for any considerable number of stars, numerous 

* Contributions from the Mount Wilson Observatory, No. 199. 


13 








14 ADAMS, JOY, STROMBERG, AND BURWELL 


developments and changes have taken place in the methods used 
for particular groups of stars and in the material upon which the 
spectroscopic reductions are based. The rapid increase in the 
number of parallaxes determined trigonometrically by the photo- 
graphic method has in particular added greatly to the accuracy of 
the fundamental values used as the basis of the spectroscopic 
reductions. They have also made it possible to divide the stars 
into groups of comparatively small range in spectral type, and 
thus to secure a continuity in the reduction tables which was not 
possible when the material was more scanty. With the aid of 
this large amount of valuable trigonometric parallax material, and 
the results furnished by computations based on the parallactic 
and peculiar motions in the case of stars having very small paral- 
laxes, we now feel reasonably certain that a reduction scale has been 
established which will not require very serious modification in the 
future. Such corrections as may become necessary when our 
knowledge of systematic errors in trigonometric parallaxes and of 
mean parallax relationships is more advanced than at present can 
probably be applied in the form of tabular modifications of the 
results given here. 

The main purpose of this communication is to place in the hands 
of astronomers the results in the form of absolute magnitudes and 
parallaxes so far obtained by the use of the spectroscopic method. 
For this reason no attempt is made in this place to discuss the 
bearing of the material on a number of stellar problems. We 
expect, however, at an early date to supplement this article with 
a consideration of the evidence afforded by the results on such 
questions as the giant and dwarf divisions among the stars of the 
several spectral types, the relationship of parallax to proper motion, 
the probable systematic errors in parallax determinations, and the 


motion in space of the stars in the list. 


DERIVATION OF THE REDUCTION TABLES 


The general principle employed in the derivation of the reduc- 
tion tables has been to group the stars according to spectral type 
and absolute magnitude, using provisional tables for computing 
the latter, and then to derive systematic corrections to the pro- 
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visional absolute magnitudes on the assumption that the corrections 
are constant for the groups in question. 

The relative accuracy of the three methods used in computing 
mean absolute magnitudes—from trigonometric parallaxes, par- 
allactic motions, and peculiar motions—is quite different for the 
near and the distant stars. For the nearer stars the trigonometric 
parallaxes give by far the most reliable results, while for stars among 
which there are no large parallaxes the parallactic motion gives 
the best result, provided the peculiar motions are small, no selec- 
tion based upon proper motion has been made, and the group of 
stars as a whole is at rest relative to the stars in general. For 
this reason the parallactic motion has been used to compute 
the mean absolute magnitudes only for very large groups of stars. 
The result in such cases has been found to agree closely with that 
derived from trigonometric parallaxes and hence has been used 
merely as a check upon the latter. Exceptions are the Cepheids 
and the stars of similar spectral type for which the parallactic 
motion has been used exclusively. 

A peculiar feature is that the parallactic motion for the dwarf 
stars gives very much larger mean parallaxes than those derived 
directly from measured parallaxes, probably indicating that these 
stars as a whole have a velocity differing from that of the stars 
in general. 

The peculiar motion can give accurate results only if the peculiar 
velocities are large as compared with the solar motion. The results 
from the peculiar motion are in good agreement with the results 
from trigonometric parallaxes for all stars fainter than about 
absolute magnitude +2. For such stars, however, the measured 
parallaxes are large enough to provide good determinations of the 
mean absolute magnitudes, and consequently the only case in which 
the results from the peculiar velocities have been used is that of 
the giant M stars, for which a combination of the results from 
trigonometric parallaxes and from peculiar motions has been 
employed. 

The formulae used for computing mean absolute magnitudes 
from trigonometric parallaxes, parallactic motions, and peculiar 
motions will now be deduced. 
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a) Trigonometric parallaxes.—The following notation has been 
used: 
mw =true parallax 
7, =trigonometric parallax 
€, =true error of the trigonometric parallax 
M,=true absolute magnitude defined as the apparent magnitude at a 
distance corresponding to a parallax of o/1 (10 parsecs) 
M =most probable absolute magnitude 
M,=absolute magnitude as given by the provisional reduction tables 
S =systematic correction to M, for reducing it to M 
T =accidental error of M,+.S 
m =apparent magnitude 
m™, =spectroscopic parallax based on M, as the absolute magnitude 


We then have: 
M,=M,+S+T=m+5+5 log (+e) 


and 
M,=m+5+5 log m 
Hence 
" a Tot€ 
S+T=5 log 
I 
or 
T=Topeo=7, 10° 25+7) = 7,07) (1) 
; = I 
where o=10° 25 and r=10° 27 f 
Further 
7r=10° *7=1+E+3F*+ .. .) 
| 
where ,.o.3T i > (2) 
J =0.4605 7 | 


"Mod ) 


We shall limit ourselves in the following to the second order 
of the error 7. 

From equations (1) and (2) we may deduce an expression for the 
mean of a number of parallaxes. We shall then make use of the 
well-known approximate formula 


ab=ab 


which is valid if the two variables a and 6 vary independently of one 
another. Since 7, is dependent upon 7 and thus also upon 7 and 
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E, we must separate 7, from 7 before taking the arithmetical mean. 
From equation (1) we obtain 


= (a +¢.)(1-E+3E*) 


Tot €o 
T1o= 


From this equation we deduce 
T,0—1%,A =€,—TE (3) 


where 
A=1+}F (4) 


In the following we shall assume that the errors e, and 7, and 
hence also £, have a normal error-distribution. 

Taking the arithmetical mean of a number of equations of form 
(3) we obtain 


"10 — 
1,0 —%,A =O or =T,=T7 (5) 

where 
A=1+}F'>1 (6) 


The quantity z,¢ is the parallax corresponding to the most 
probable absolute magnitude M=M,+ 5S. The mean of a series 
of these parallaxes is not exactly equal to the mean of the corre- 
sponding trigonometric parallaxes, but is systematically larger. 
This fact depends upon the unequal effects produced in the spec- 
troscopic parallax by a positive and a negative error of the same 
size in the estimation of the absolute magnitude. 

In order to make the spectroscopic parallaxes directly com- 
parable with the trigonometrical ones, we shall define the quantity 
TO : 
as the spectroscopic parallax x’, and in the first instance deter- 


Z Co ’ 
mine the quantity i: The absolute magnitudes corresponding 
to these spectroscopic parallaxes have been denoted by M’ and are 
those given in the catalogue. 
We then have 
M’=m+5+5 log z.0—5 log A 
M'=m-+-5+5 log x’ 
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The most probable absolute magnitude M defined in such a 
way that a positive and a negative error 7 have the same proba- 
bility is related to M’ by the equation 


M=M'+5 log A (7) 
and 
0.02 & 
=]- 3) 
s=tT te - 


where @ is the mean error in an estimate of the absolute magnitudes. 
—_ . o , , , 
In the determination of we start from the equations of 


condition (3) 
110 —TA=e—THE 


ari i @ , 
If the range in the values of z, is small, we may find — by taking 


arithmetical means of equations (3) multiplied by the relative 
weights p of the trigonometric parallaxes: 


og pr ( 
= ~ Q) 
A =pr, 


If the range in z is considerable, we do not utilize to their full 
extent the higher weights of the larger parallaxes by using equation 
(9). An ordinary least-squares solution might give erroneous 
results on account of the effect of large values in the errors E and «. 
For this reason we have in general used a compromise between the 
direct mean of the equations of condition as given by (9) and 
the ordinary least-squares solution based upon the weighting of the 
errors €,. Dividing the results into three or four groups according 
to the size of 7,, we have as in (9) 


o~. z 

"cial aad 
I (10) 
(2 pmo)? 


nN 


Weight = 
R=p+" 


where & is the mean error of the trigonometric parallaxes corre- 
sponding to unit weight, 7 is the number of stars, and 


_ 0.04 P 


w=i= Mod? 





etal heated 





ne CARR 
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If we assume definite values of k and n we can make an ordinary 
least-squares solution of equations (10). The values of k and 7 
used are 


k= +0015, corresponding to a probable error in 7, of =o0”o010 


n= 0.205, corresponding to a probable error in M,+S of 0.3 


In order to secure a grouping independent of the errors in the 
estimates of the absolute magnitudes, a solution was made using 
the proper motions reduced to zero apparent magnitude as a basis 
of the grouping. In this case there is less danger of a systematic 
effect upon the sums 27 and LE which we have to suppose to be 
equal to zero. 

In the first computation of the systematic correction to the pro- 
visional reduction tables all available trigonometric parallaxes 
for stars in the list were used. The reductions to absolute parallaxes 
were generally computed from the apparent magnitudes of the 
comparison stars, using the table given by Kapteyn in Groningen 
Publications, No. 24, page 15. For the parallaxes determined at 
the Allegheny, McCormick, and Sproul observatories a constant 
reduction of +0005 and for the Mount Wilson parallaxes one of 
+o"oo2 has been applied throughout. The weights of the differ- 
ent determinations based upon the size of the probable errors are 
as follows: 


Mount Wilson . I Véute 


srt 


0.5 
Greenwich . bs Abetti °.4 
Allegheny.’ , 22 Russell . 0.3 
McCormick 1.0 Peter 0.3 
Sproul. 1.0 Jost 0.3 
Yerkes. 1.0 Kapteyn °.4 
Yale 0.5 Flint I 0.05 
Fox 1.0 Flint II 0.2 


A second approximation was made using only the parallaxes 
determined at the Allegheny, McCormick, Yerkes, and Mount 
Wilson observatories, all being given the same weights. Slight 
corrections based on this latter computation were then applied 
to the tables resulting from the first approximation. In the final 
analysis the reduction tables are thus based almost exclusively on 
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the four series of trigonometric parallaxes mentioned above. The 
differences between the two solutions are, however, very small. 
b) Parallactic motion—The co-ordinates of a star in space 

relative to the sun and referred to the equatorial system of 
co-ordinates are 

X=r cos a cos 6 

Y=rsinacosé ; (11) 

Z=r sind 


where r is the distance from the sun and a and 6 are the right 
ascension and declination of the star. Differentiating these equa- 
tions with respect to the time, we obtain the velocity components 
x, y, and z, in km per second relative to the sun. 


. k ; — 
x=V cos a cos 6—~(; sin a+, cos a sin 6) | 
. 
— kh , ; 
y=V sina cos 6+ (yu, cos a—p, sin a sin 6) ( (12) 
Tv 
k 
z=V sin 6+ p, cos 6 } 
Tv 


where 
V =radial velocity 
a = parallax 
Mi=Ma Cosd6 
Ma Mé 
Ha and ws=annual proper motion in a and 6 in seconds of arc 


astronomical unit of length in km 
= =4.737 


number of seconds in a year 

Introducing the velocity components x, y,, and 2, of the sun 

relative to the geometrical centroid of a large number of stars, we 
have 


X+ Xo =€1, V+ Vo=€2, 2+2=€; 


where €,, €,, and e, are the peculiar velocity components of the 
star referred to this centroid. 

If we use the same co-ordinates for the sun’s apex for all spectral 
types and absolute magnitudes and adopt the values computed 
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for the stars of later type given in Mount Wilson Contributions, 
No. 144, page 14, 

A= 270°, 5.=+29°2, V.=21.48 km/sec. 
we find 


Xo=+0.28, You—18.75, %2%=+10.48 


The following auxiliary quantities have been tabulated: 


A,=X, SiN a—Yp COS a (13) 
; : , I 
B,=X, cos a siné+¥, sin a sin 6—z cos 6 3 
We can then derive 
kur — 
— Ao =€ 
TT 
b (14) 
ae 3 a 
7 


The quantities e’ and e’”’ are the components of the peculiar 
velocities of the stars on two axes perpendicular to the line of sight 
in the direction of increasing right ascension and declination. 

In order to obtain the mean absolute magnitude we may proceed 
in the following way, the notation being the same as in the discussion 
of the trigonometric parallaxes: 


= 10°: 2(MitS+T—m)—1 9-1 OT 
p 
where 
o=I10° 2S 
T=10°: 27 
p=10° 2 (m—M:,) 


Equations (14) may then be written 


10k 10k 
ay en - oP _ B, me" 
OT OT 


(15) 


The components of the proper motions y, and yw,, however, are 
affected by systematic and accidental errors. The systematic 
corrections given by Boss in his Catalogue, page xxviii, have been 
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to 
No 


applied." Denoting the accidental errors in yw, and yu, by n, and 7, 
we can write equations (15) in the following form: 


A,or ore’ 

— ° wh 

Bor ore’ [ — 
rok MP PM Tok ) 


As in the case of the trigonometric parallaxes, we shall write 7 
in the form 
r=1t+E+}B=A+E 
The equations of conditions are then 


, .\ 

GE oA,E 
A.x— pp = pm. —-—; — 
10k 10k 


ge” GA,E 


Box — 2p = pn. — — 
atin 10k 1ok ? (17) 


where 
_ Ao _(1+3E*)o 
1ok 10k 


The first terms on the right-hand side of these equations increase 
with the apparent magnitude. The second terms are usually the 
largest, while the existence of the third terms tends to decrease 
the weights for stars farthest from the apex and antapex. In order 
to make the weights more uniform we have in the case of the distant 
stars limited ourselves to those brighter than apparent magnitude 
5.5. At the same time this limitation decreases the effect of a 
selection among these stars according to proper motion, since 
nearly all can be assumed to be selected on account of brightness 
alone. In order to reduce the effect of large peculiar motions and 
large accidental errors in the absolute magnitudes, we have collected 
the equations of condition (17) into a few groups according to the 
size of A, and B,, formed means, and given each of these new 
equations of condition a weight according to the number of stars. 

The new equations of condition are then 

oes -—s Weight (18) 
Byx— pp =0 J 


* The Catalogue, however, gives the total proper motion without these corrections. 
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When x has been found from the solution of equations (18) 
we have 


oA =10kx 
and 
) 
ao 10kx (t9 
A A’ 


The mean absolute magnitude M’ used for computing the most 
probable parallaxes can then be obtained by adding the quantity 


5 log os log x +5 log k+5—10 log A 


© 


to the mean of the provisional magnitudes M,, a provisional 
value of A being used. 

This method of derivir.g mean absolute magnitudes from the 
components of the parallactic motions requires less computation 
than that based upon the total parallactic motion. It is similar 
to that used by Charlier in his study of the B stars... The systematic 
correction to the absolute magnitudes due to the errors in the 
estimates of the latter that must be applied in order to obtain 
the most probable parallaxes (— 10 log A) has a tendency to make 
the parallaxes smaller. This would probably account for the differ- 
ence found in the mean parallax of the B stars when based on the 
one hand upon the assumption of equality of the absolute magni- 
tudes, and on the other directly upon the proper motions (Kapteyn, 
Plummer, Bergstrand, and others). 

c) Peculiar motion.—From equations (16), limiting ourselves 
to terms of the first order in the errors, we derive 


fup—A =e ee (20) 
tu.p— Bo =e" —inpt+B,E 
where 
10k 
t= 
o 


From the radial velocities corrected for the sun’s motion we 
can compute for definite groups of stars the average radial velocity 


t Meddelanden fran Lunds Astronomiska Observatorium, Ser. II, No. 14. 
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S| V’| 
a | - o ° e e ° 

- ‘. This quantity can be supposed to be nearly identical with 
Dle| Ele” 

—— 

n n 


Assuming the dispersion in e’ and e’’ to be considerably larger 
than in the other terms on the right-hand sides of equations (20), 
we derive 

2 

nip +Ank? _ ) 

=D) |. 271° m n? 


s) | 2 | 
Z| Eup — Ao >> é’ 


a —— (21) 
£n3p + BmE? f 


M7 | 


vy “iT Al 
2|§usp — Bol =Z\e"| + 


/ 


where A,, and B,, denote the average numerical values of A, and B,, 
n; and n3 are the squares of the mean errors in the measurements 
of the component of proper motion, w,cosé and y;, and n is 
the number of stars. Since the results from the peculiar motions 
were used only for the giant M stars where the peculiar velocities 
are large, it was found that the second terms in the right-hand 
members could be neglected. Equations (21) then reduce to the 
more simple form 


2\fuxp—A,| =z é| ) 
ys 1 s/f (22) 


The average radial velocities corrected for the solar motion, 
for the K term, and for the effect of stream motion were then 
computed and the values of D\e’| and Lie 


Equations (22) were then solved by assuming approximate values 


,? 


obtained from them. 


of £ and computing the corrections to these values. The results 
thus obtained were nearly the same as those found from computing 
geometrical mean parallaxes from the r and v components according 
to the method devised in Mount Wilson Contributions, No. 144, 


page 7. 
REDUCTION CURVES 


. o , : 
The values of AM,=5 log — having been computed for groups 


of stars of different spectral types and absolute magnitudes, accord- 
ing to formulae (10), (18), and (22), the sums M,+AM,=M’ were 
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properly weighted and plotted against the mean intensities of the 
several spectral lines used in the determination. When the cor- 
relation curves were computed, a continuous change of absolute 
magnitude with line-intensity and with spectral type was found 
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—1.0 iv4.t [3-7 |] 42.0..... Ds ai +6.7 | +6 5 |+6.7 7.1 \+ 7.2 
—2.0 +4 3 +4.7 || +2 .0..... & 2 [46.7 [47 3 | Hee 
—3.0 ek | era ees Beemer tee | 7-7 |\+8.3 | +8.4 
+5.0 PN RPG HORNE BERR inst i+8.8 | +9.0 
| +6.0..... Sere Oe He -|+9.1 | +9.9 
| +7.0..... ..|+10.8 
i See, Rees eee Sear |+-Ir.1 
| 4454 | . > 
| F8 G4 | Ko K4 | K&S | M 
4494 
- 6.8.. ae |—3-0 |—0.4 |+0.4 | 
| | +1.0..... ea 9 |+2.4 +4.0 |+1.6 | .| 
|. | +2.0.. I+5 5-4 |+5.5 |+6.0 | 
‘@€o) Seer See i+6.5 |+6.2 |+6.4 |+6.8 |...... 
+4.0..... Ds. ee | penal |+6.5 |+6.8 7-3 |+ 7-3 
oe fe Bocas 7.2 7.8 I+ 7.9 
| +6.0.....| PIER SRO +8.4 |+ 8.5 
fee Seer +8.8 i+ 9.2 
| +8.0.. -\+9.1 |+10.0 
| €.. See See eee Perey Petre 
| IN ig Be ade d-s Bares a arc ork oe --II.0 





except in the case of stars of the late K and M types, where the 
division into giants and dwarfs caused a marked discontinuity. 
The scale used in the estimates of the line-intensities being an arbi- 
trary one, different reduction tables were computed for the three 
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observers, Adams, Joy, and Miss Burwell. An abstract of the 
tables for Mr. Adams’ scale is given below. The differences of 
intensity for the pairs of lines employed are given under their 
wave-lengths and the corresponding absolute magnitudes under 
the successive spectral types. 

Among the giants the rate of change of absolute magnitude 
with line-intensity is very large in the case of the line 4454, and for 
this reason the two estimates of this line whenever made have been 


given half-weight. 


PROBABLE ERRORS OF THE ABSOLUTE MAGNITUDES 


A determination of the probable errors of the absolute magni- 
tudes has been made using the trigonometric parallaxes for this 
purpose. 

Equation (3) can be written 


nr’ —m,=€,—TE=v 


where 7’ is the most probable spectroscopic parallax. 
Calling the weights of the trigonometric parallaxes », we find 


_ Zp?’ —nk? 


ve eas (23) 
2 pri — nk? 


where & is the mean error of a parallax of weight unity. 

If a star has been measured by several observers, the error in 
the trigonometric parallax becomes smaller, but the error in the 
spectroscopic parallax is unaffected. It is, therefore, necessary 
in some way to equalize the weights of the trigonometric parallaxes, 
and we have uséd the method of giving all stars for which the 
weight is equal to 1 or larger the weight unity, omitting all paral- 
laxes of smaller weights. As before, the unit of weight has been 
assumed to be such as would correspond to an external probable 
error of +o”o10. Calling the mean error of the absolute magni- 
tudes 6, we have 

@=25 Mod? £?=4.715E° 


The following table gives the values of the probable errors r 


computed by this method: 
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TABLE II 
Spectrum M Number r Spectrum M | Number | r 

EES Saree canon a a | | —— 
[<< 2.0 28 +0.30 |[< 1.0 | 42 +0.51 
\-F4 42.1 to 3.0 31 58|| Gs-G8....|{1.1 to 5.0] 30 .38 
\> 3.0 25 42 >» 3.2 | 2 .25 
F<-F8 < 3-5 35 = | #0. 34 (< 1.0 59 |#0.32 
or > 3.6 48 33) a ir )1.1 to 3.0 27 -53 
Go K4 e° 3.1 to 6 ol 33 46 
'<4.0 2 +0.64 > 6.1 38 «6| ~~ (£36 

Fo-G4 4.1 to 5.0 30 12 
(> ..3 i | 40| Ks-Ko.. W< . ° 23 |=0.00 
| |\> 7°5 -24 
| ow | <3.0 3 0.00 
pra ee > 7.0 | 17 | .20 





When the probable error is equal to 0.00, the residuals are 
smaller than those due exclusively to the effect of a probable error 
+o‘oro in the trigonometric parallaxes. 

For the sake of convenience we may assume a probable error 
in the absolute magnitudes of +o0.40 throughout. The corre- 
sponding value of A is then 


The correction which must be applied to the absolute magnitudes 
M’ given in the table, in order to convert them into the most prob- 
able ones, is therefore (equation 7) 
5 log A= +0.08 
The probable errors 7’ of the spectroscopic parallaxes can be 
computed from the formula 


y- 9 
5 Mod” 
If 
r= =+0.40 
we find 


r’=+0.1847 


In other words, the probable error of the spectroscopic parallaxes 
is somewhat below 20 per cent of the parallax itself. 
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EFFECT OF SYSTEMATIC ERRORS IN THE TRIGONOMETRIC 
PARALLAXES 

Several studies of the systematic difference between various 
series of trigonometric parallaxes have been made recently. A 
special solution has been undertaken, applying the systematic cor- 
rections derived by van Maanen and Miss Wolfe (Mt. Wilson 
Contr., No. 189) for reduction to a mean system. The most impor- 
tant of these corrections is that of +0%0027 to the Allegheny 
parallaxes,' which, on account of their large number and high 
weight, has a tendency to make the spectroscopic parallaxes larger. 
The effect upon the absolute magnitudes, if these corrections were 
applied to the measured parallaxes, can be seen from the following 
table: 








TABLE III 
Spectrum A-F8 Fg-G8 G8-K4 Ks—Ko M 
Re +0.03 +0.09 +0.06 0.00 +0.03 
Dwarfs...... +0.05 +o0.04 | +0.03 +o.01 +-0.03 





The spectroscopic parallaxes would then be increased by a 
quantity equal to (10°?““—1). It thus appears that the systematic 
effect arising from this source is very small. 


COMPARISON WITH TRIGONOMETRIC PARALLAXES 


A direct computation of the difference, spectroscopic minus 
trigonometric parallax, has been made for the stars whose parallaxes 
have been determined at the Allegheny, McCormick, Yerkes, and 
Mount Wilson observatories. The algebraic mean difference, 
assigning all the stars the same weight, is given in the third column 
of the following table, while the weighted mean difference is given 
in the fourth column. The weights are here based upon the facts 
that the errors in the spectroscopic parallaxes are proportional to 
the parallaxes themselves, while the errors in the trigonometric 

‘ The correction given in the paper cited is +0%0042, which is a mean of two 


determinations. A mean reduction to absolute parallax of +070035 was used, while 
in the present system we have used +0005, which accounts for the difference. 
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parallaxes are independent of this. The quantity S’ is computed 


from the equations of condition 


S’=n'—7, weight 


I 
+ F'n 


where the errors in the trigonometric parallaxes and the absolute 
magnitudes are based upon the probable errors = o”’o10 and +0. 4, 
respectively. We have then 


€8=0.00022, E?=0.0746 


TABLE IV 














Wiens Not wae wages 
A ree 206 +o’0018 +0" 0031070007 
es 2 —0o.0008 +0.0020+0.0010 
Yerkes each Saeahetarace 08 +0.0019 +0.0016*0.0015 
Mount Wilson............ 79 — 0.0030 —0.00320.0011 
682 +070005 








It is to be noted that in computing the reduction tables the 
larger parallaxes have the highest weights, so that we cannot 
expect S and still less S’ to become zero when all the stars are 
taken together. 

The weighted means S’ can be supposed to represent the sys- 
tematic corrections to the trigonometric parallaxes, if these correc- 
tions can be regarded as constant. They agree well with those 
found by van Maanen and Miss Wolfe except in the case of the 
McCormick parallaxes. The difference between the weighted 
mean S’ and the unweighted mean S shows a dependence upon the 
size of the parallax, which can hardly be due to the spectroscopic 
parallaxes, since for the other series of results the values of S and S’ 
are very nearly the same. A direct comparison between parallaxes 
of the same stars measured at the four observatories shows that the 
correction to the McCormick parallaxes seemingly depends upon 
the apparent magnitude, so that the unweighted mean probably 
gives a more reliable value for the systematic correction for these 
stars in general. 
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THE CEPHEIDS AND PSEUDO-CEPHEIDS 

The absolute magnitudes of the Cepheid variables and the stars 
with similar spectra, which for convenience we may call Pseudo- 
Cepheids, have been computed from the parallactic motions alone, 
the trigonometric parallaxes being too small to furnish reliable 
data for this purpose. These two classes of stars have been reduced 
with the same tables, as it was found that their mean absolute 
magnitudes were about the same. 

If the absolute magnitudes of the Cepheids are plotted against 
o.2m+log w, a marked correlation between these quantities can 
be found. 


TAURUS GROUP 


A comparison of the spectroscopic parallaxes of the stars 
belonging to the Taurus group with the parallaxes of these stars 
as measured by Boss‘ and Kapteyn’? was made and the results are 
given in the following table: 














TABLE V 
Spectrum M } Number* x’ fo AM 
. | * ” 
A8-F2. 1.6 to 2.5 | 7 o%017 07025 +0786 
Fs5-Go.. 3.7 to4.1 | 7 020 024 tO0.45 
Gs-Ka2... 4.5 to5.5 | 4 022 023 +o.12 
G7-Go...... | 0.4to1.4 4 025 025 —0.03 
* Several of the stars used here are not given in the main table, as in some cases only one spectro 


gram has been secured. 


The large positive correction to the absolute magnitudes for 
the F-type stars cannot be reconciled with the great number of 
large trigonometric parallaxes for the stars of this type in general. 
Most of the F-type stars belonging to the Taurus group, however, 
show very hazy lines which are difficult of estimation, and for this 
reason these stars can probably not be regarded as representative 
of the F stars in general. 


* Astronomical Journal, No. 604, 1908. 


2 Groningen Publications, No. 23, 1909. 
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COMPARISON WITH RESULTS FOR FIVE HUNDRED STARS 


The absolute magnitudes of the stars contained in the list of 
500 published in 1917' were subject to errors due mainly to three 
causes: (1) the insufficiency of the trigonometric parallax material 
upon which the reduction curves were based; (2) the resulting 
necessity for grouping into too large divisions of spectral type; 
(3) the uncertainty in the reduction of the Cepheid variables. 

The discussion of the method of reduction used for the stars 
contained in this list shows how great an improvement has been 
effected as regards the first two of these factors. A completely 
different system of reduction has been used for the Cepheid vari- 
ables and stars having a similar type of spectrum. ‘These were 
treated under the normal spectral types in the list of 500 stars, 
while in the present discussion they have been reduced independ- 
ently as a special class. This has resulted in a large systematic 
difference compared with the earlier values, the present absolute 
magnitudes being considerably brighter. 

TABLE VI 


DIFFERENCES IN M, 1920 SYSTEM minus 500 STARS 











M< 3.0 M =3.0—5.0 M>>5.0 

Number Difference Number Difference Number Difference 
A-F8... 23 —o.46 77 —0.54 I —0.3 
Fo-G8... 51 —0.30 51 —0.05 41 —0.20 
Go-K4 78 +0.08 12 +0.83 64 —0o.12 
Ks-Ko... 10 —1.01 Rais a eee Rae od 20 —0.07 
ee 29 —1.12 Carey eee ete Dwatas | 15 —0o.10 
Cepheids 14 a a, Cet Gee eee ee 
All types 
except 
Cepheids IQ! —0.32 140 —0O.24 150 —0.13 











The summary above gives the results of a comparison for 
495 stars common to the two lists, the differences given being the 
corrections necessary to apply to the stars in the list of 500 in order 
to reduce their absolute magnitudes to the present system. As 
would be expected, the corrections for the fainter stars are consid- 
erably smaller than those for the brighter. 


* Mt. Wilson Contr., No. 142; Astrophysical Journal, 46, 313, 1917. 
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METHOD OF ESTIMATION OF INTENSITIES 

A brief description of the method of classifying the spectra and 
of estimating the intensities of the spectral lines used in the deter- 
mination of the absolute magnitudes will perhaps be of value. 

The spectrograms are examined under a Hartmann spectro- 
comparator and the hydrogen lines are first compared with the 
neighboring lines AA 4326, 4352, and 4405 in the case of Hy, and 
AA 4872 and 4957 in the case of HB. From the relative intensities 
of these pairs of lines, with the aid of a reduction table based upon 
standard spectra, the ‘‘measured”’ type of spectrum is determined. 
In the case of spectra between Fo and Go comparisons are also 
made with AA 4227 and 4384, while H@ is omitted. 

Estimations of the spectral type are made from direct compari- 
‘sons with typical spectra selected from the Harvard list. The 
spectra of three stars having the types Fo, F5, and Go have been 
photographed upon one standard plate, and those of three other 
stars with spectra G5, Ko, and K5 upon another plate. These 
spectra are placed under the second microscope of the spectro- 
comparator and are brought side by side with that of the star to 
be classified. Values intermediate between those of the typical 
stars are estimated from comparison with the stars having spectra 
on either side, especial consideration being given to the calcium line 
d 4227 and the chromium lines AA 4255 and 4275, which vary rapidly 
with spectral type and form a valuable criterion. It is probable 
that all three of these lines vary to some extent with absolute 
magnitude, but the effect seems to be slight except in extreme 
cases like the Cepheid variables. 

The estimations of the relative intensities of the pairs of lines 
for determinations of absolute magnitude are made in the same 
way as those of the hydrogen lines. In stars of types A to F7 the 
lines compared are 4343 and 433°. In types F8 to G, the three 
pairs #345, 4433, and 4432 have been added, and these have been 
used exclusively for later types of spectra except the M-type giants. 
The latter and the Cepheid variables have been treated separately. 
For the M-type giants the intensities of the lines \A 4077 and 4215 
have been compared directly with those in the spectra of the stars 
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8 Andromedae and » Geminorum. In the case of the Cepheids 
the pairs of lines have been 43373, 43435, and 4344, a special table 


being used for reduction purposes. 


DESCRIPTION OF CATALOGUE 


In the extensive table which follows, the successive columns 
contain the following data for each star: 


Column 1. Number in Boss P.G.C. or in Cincinnati Publication, No. 18. 

2. Name of star, double stars being assigned the number in Burnham’s 
General Catalogue in case they have no Greek letter or Flamsteed 
number. 

3 and 4. Right ascension and declination for 1900. 

5. The magnitudes from the revised Draper Catalogue are used for 
stars within the first twelve hours of right ascension. In the case 
of faint B.D. stars the B.D. magnitude has been corrected in 
accordance with the values given in H.A., 72, 214. In the case of 
double stars and spectroscopic binaries, the magnitude of the 
brighter component has been calculated from the combined magni- 
tude in accordance with the relative intensities of the two 
components. 

6. Total proper motion taken from Boss’s P.G.C. or Cin. 18 when given. 

7. Estimated Mount Wilson spectrum. 

8. Spectrum as determined from the intensities of the hydrogen lines. 

9. Absolute magnitude M’ calculated from the line-intensities. 

10. Parallax corresponding to M’. 

11. Weighted trigonometric parallax. 

12. Authority for the trigonometric parallax. The following are the 
principal abbreviations used: A, Allegheny; Ab, Abetti; C, Cape; 
D, Dearborn; F, Flint; G, Greenwich; J, Jewdokimow; Jo, Jost; 
K, Kapteyn; Kos, Kostinsky; M, McCormick; R, Russell; Ram, 
Rambaut; S, Sproul; W, Mount Wilson; Y, Yale; Ye, Yerkes. 


The significance of the symbols occurring in the catalogue is 
as follows: 
* See note at end of table. 
+ Magnitude corrected to the brighter component of the double star or spec- 
troscopic binary. 
t Unpublished proper motion by Kapteyn. 
§ Cepheid or Pseudo-Cepheid reduced by special curves. 
Unpublished proper motion by Roy. 
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NOTES 
SX Cassiopeiae. Period 36.5 days. Enhanced line spectrum similar to a Cygni. 
Hydrogen lines Hg and Hy have bright edges. 
\.G. Bonn 4686. Proper motion from Groombridge. 


Boss 1622. Estimates made from plates lent by the Lick Observatory. 


Bu. 3474. Proper motion by Batterman. 


Comp. a Geminorum. Bu. 4122C, distant 7: A spectroscopic binary having 


bright hydrogen lines. 
Lal. 15389. Proper motion by Bossert. 
Period 9432. Spectrum lines extremely 


OO" 3<- 


S Antliae. Short-period variable. 
poor, probably indicating rapid rotation. Secondary component suspected. 

W Ursae Majoris. Algol variable. Period 8 hours. Both spectral components 
show. Lines very wide due to rapid rotation of the two stars. 

Boss 2830. A close visual and spectroscopic binary. Estimates made from 
plates taken by Sanford at the Mills Station of the Lick Observatory. 


Boss 3735. Estimates from plates lent by the Lick Observatory. 
Bu. 7oo1. Proper motion from Greenwich. 


Boss 3846. Spectrum lines very poor, resembling those of W Ursae Majoris. 

Bu. 8068A. Proper motion from Porter. 

7:1917 Serpentis. Peculiar variable discovered by Wolf and Barnard. Hs 
bright. 

W Serpentis. Spectrum shows doubly reversed bright hydrogen lines 

Bu. 9401 Br. Proper motion from A.G. Berlin. 

Bu. 9569. Proper motion from Auwers. 

Bu. 10504 Br. and Ft. Proper motion from A.G. Berlin. 


Mount WILSON OBSERVATORY 
October 1920 























THE SPECTROSCOPIC ORBIT OF THE CEPHEID 
VARIABLE X CYGNT 
By JOHN C. DUNCAN 


ABSTRACT 


Cepheid variable X Cygni.—A brief summary of previous observations relating 
to this variable is given. From twenty-three spectrograms made at Mount Wilson 
with the 60-inch reflector and single-prism spectrograph, the elements of the spectro- 
scopic orbit have been computed. The values of K (28km/sec.), of asin 7(6, 121,000 km), 
and of the mass-function (0.034) are remarkably large. The probable error for a 
plate is large in comparison with the deviations in the measures of a single plate 
made by different observers; but there is no evidence of a secondary oscillation. 


The variable star X Cygni (a = 20"39™5, 6= +35°14'; 1900.0) 
was discovered by S. C. Chandler? in 1886. Of a number of published 
determinations of its photometric elements, the best is probably 
that of M. Luizet,s which is based on observations covering 554 
periods and made by eight different observers. Luizet gives as 
the time of maximum brightness 


J.D. 2410190 .684 (Paris M.T.)+ 16438543 E 


45 


and finds that, though the maxima and minima are repeated with 
regularity, the amount of the change of light is not constant, 
the magnitude at maximum ranging from 6.5 to 6.2, and at 
minimum from 7.4 to 7.2. Secondary oscillations appear in both 
the rising and the falling branches of the curve. The duration 
of the increase of light is 641. 

The spectrum as classified at the Harvard Observatory is Fs, 
peculiar. Like other Cepheids, the star is bluer and has stronger 
hydrogen lines at maximum brilliancy than at minimum. The 
variation in the radial velocity was discovered by Frost.‘ 

Table I gives a list of the spectrograms of X Cygni taken at 
the Mount Wilson Observatory. They were made by Messrs. 
Adams, Joy, Strémberg, Sanford, Merrill, and Duncan, with the 

* Contributions from the Mount Wilson Observatory, No. 196. 

2 Astronomical Journal, 7, 32, 1886. 


3 Astronomische Nachrichten, 193, 83, 1912. 


+ Astrophysical Journal, 25, 60, 1907. 
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60-inch reflector and single-prism spectrograph, using the 18-inch 
camera. All were measured by Miss Brayton and Mr. Duncan, 
and some also by Miss Burwell and Messrs. Adams, Joy, Strémberg, 
and Sanford. No systematic differences in the measures were 
found, and the column headed “‘Velocity”’ gives the mean results, 
reduced to the sun. The Greenwich mean time given in Table I 
refers to the middle of the exposure. The phase is the number of 
days after maximum light according to the elements of Luizet. 


TABLE I 


Plate , | aaameee 

: Date G.M.1 1.D., GMA Phase Velocity O—( of 

Number 
Measure 
km ‘sec km /s¢ 

6353 1917 Nov. 3 165o3™ |242 1536.669 74272 +16.2 6 
0355 4 18 05 1537.754 5.356 24 - 5 5 
7213 1918 Aug. 17 22 31 1823.939 | 15.991 —14.8 — 4 
$201 1919 June 8 22 05 2118.920 | 16.034 —1I17.4 2 
8320. .| July 3 2201 2143.918 8.261 26 2 
8336 § 22 12 2145 .554 10.227 T40.4 6. 2 
8341 7 22 15 2147 .927 12.270 r3i.o 3 2 
83248 8 22 49 2148.951 13.204 r27.7 5 2 
8357 IO 20 57 2150.858 15.201 — 6.0 —O.4 3 
8363 II 20 39 2151 .501 10.302 — 23.0 0.0 2 
8370 I2 20 10 2152.54! 0.795 —I7.4 6 2 
5375 13 I9 40 2153.8524 I.75!1 25.9 > 2 
8387 14 22 10 2154.925 5355 ~~ 7.9 3.9 2 
8400 I5 22 03 2155.919 3.87 — 6.0 1.5 2 
8412 17 138 50 2157.868 5.825 , $2] = 3 
8436 Ig 18 13 159.843 7.800 + 20.0 2 
8478 Aug. 6 21 14 2177.885 0.457 3 2 
8452 7 18 40 2175.752 10.354 35,0 4.4 
8522 Io I9 59 2151.832 13.404 +23 
5523 1IOo)6«6©2I ‘I! 2151 .533 13.455 T19.4 { 2 
8545 II 20 50 182.505 14.440 T14.4 2 
86890 Sept. 10 15 55 2212.663 11.465 33.6 - 
8692 IO 20 45 2212.865 11.667 32.0 2 


Preliminary elements were derived by the method of Lehmann- 
Filhés. As no planimeter was available, the necessary areas were 
determined by tracing the velocity-curve on thin paper, cutting 
out the areas, and weighing them on a chemical balance. Luizet’s 


photometric period was assumed as the orbital period, and there 
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appeared no good reason for changing it. The preliminary elements 


are: 
K =28.0 km/sec. 
° 
w=I1I0 
€=0.25 


7 =15%o after light maximum 
y=+09.5 km/sec. 


A least-squares solution was based on these elements, the 
observations being given equal weight and grouped to form eighteen 





K.m/sec. -— 7 ' , . ' —-- 
+40 -———— oo —+—— + 
+30 -— on 
+20 }— 
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° 4 8 12 16 days 











Fic. 1.—Velocity-curve of X Cygni. Abscissae are intervals after maximum 
light; the radius of the circles representing the observations is equal to the probable 
error of a single plate. 


normal places. ‘The period was not included in this solution. 
The following elements were thus obtained: 

K = 28 .03 0.73 km/sec. 

w =98°2+14°9 


€ =0.246+0.027 


T= 149357 #09523 


y =+9.32 km/sec. 
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By the least-squares adjustment the sum of the squares of the 
residuals was reduced but slightly, from 78.07 to 76.24. 

As w and T were the only elements greatly changed, and as 
they showed the greatest probable errors, a second solution was 
made with these as the only variables. ‘The results were 


w =101°1+4°3, 


T = #41685 +0%169. 


The sum of the squares of the residuals was again slightly reduced, 
this time to 75.22. ‘The finally adopted elements, from which the 
residuals given in Table I and the velocity-curve shown in Figure 1 
were computed, are: 

P = 16938543 

K = 28.03 km/sec. 

w =I01°! 

é€ =0.240 

T =14°7685 after light maximum 

vy =+9.32 km/sec. 

a sin 1=6,121,000 kilometers 


m: sin3 7 
=0.034 
(m+m,)? 


Maximum negative velocity occurs o*7 after maximum brightness 


4; after minimum brightness 


Maximum positive velocity occurs I 
The values of A, a sinz, and the mass function are considerably 
larger than in the case of any other Cepheid which has been spec- 
troscopically investigated. ‘The probable error of a single plate, 
computed from the residuals in Table I, is 2.44 km/sec., a 
value much larger than the good agreement of the different measures 
on each plate might have led one to expect. ‘There seems, however, 
to be no good evidence of a secondary oscillation in a period com- 
mensurate with that of the principal one. 


Mount WILSON OBSERVATORY 
August 1920 

















PROVISIONAL ELEMENTS OF THE ECLIPSING SYSTEM 
RS CANUM VENATICORUM 
By BANCROFT WALKER SITTERLY 


ABSTRACT 


Eclipsing binary RS Canum Venaticorum.—Provisional elements for this system, 
B.D.+36°2344, have been computed on the basis of a series of observations made by 
Maggini in 1916. The light-curve (Fig. 1) shows extremely long minima which 
together take four-ninths of the whole period. The two giant stars apparently touch 
at periastron; they are elongated toward each other; and move in an orbit with an 
eccentricity of 0.17. The eclipses are either total or annular. The probable distance 


is 1200 light-years. 


This discussion is based upon a series of observations made 
by Maggini upon the star B.D.+36°2344 by the Argelander 
method, and published by him in Volume 34 of the Publications 
oj the Arcetri Observatory, Florence, in 1916. Although these 
observations do not define the star’s light-curve with sufficient 
exactness to warrant great confidence in the elements obtained 
from it, the curve’s form is so unusual in some respects that it was 
considered worth while to attempt a solution. The methods 
followed were those of Russell and Shapley, described in their 
contributions to the Astrophysical Journal in 1912 and 1913. 

The striking features of the curve’s form are: (1) minima of 
extremely long duration, in proportion to the length of the period, 
indicating that the stars are very close together; (2) a noticeable 
difference in the durations of the minima, suggesting a considerable 
ellipticity in the orbit; (3) a sharply bowed form of the curve 
between eclipses, denoting that the stars are elongated toward 
one another. The depths of the minima are also noteworthy, 
especially that of the secondary; they show that the stars are not 
very different in size and that they eclipse one another nearly 
totally. 

The first step in the solution was to group Maggini’s observa- 
tions, which were means of five Argelander estimates each, and 
rather unequally spaced, into convenient normals. In most cases 
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Maggini’s observations were paired, but a few were taken by threes 
and a few singly. Then the curve was “‘rectified,’’ removing the 
effect of the elliptic figure of the stars, in the usual manner. The 
eccentricity of figure came out more than three-tenths, a value 
somewhat above the average. But the “ rectified’? curve was still 
not a horizontal straight line outside eclipses, as expected, but 
showed a brightening of the system toward primary minimum. 
Since the secondary minimum, though its middle point did not 
seem much displaced, was seen to last five hours longer than the 
primary (indicating a considerably eccentric orbit with periastron 
near the point of primary eclipse), this brightening was considered 
a heating effect caused by the approach of the stars to one another 
at periastron, and its effect was taken out of the curve by applying 
a correction Am=a cos@+6 sin@; setting a=o.05 and b=o gave 
a satisfactory correction. 

It was now found by trial that by advancing the epoch of 
primary minimum by o%0074 and retarding the secondary epoch 
by of0223, the curve might be improved. This gave at once a 
value for the transverse component of the eccentricity of the orbit: 
e cos w=0.02; the determination is not very exact, for the sec- 
ondary minimum is not well defined by the observations. The 
line-of-sight component is given by the ratio of the durations of the 
minima; after several trials the value e sin w=0.167 appeared to 
fit the two curves best, but this is even less accurately determined 
thanecosw. The two values combined gave e=o0.17, w=nearly85°. 

Next, an approximation to the elements, from the shape of the 
primary minimum and the depths of both minima, was tried in the 
usual manner on the hypothesis of uniformly illuminated disks. 
It appeared at once from the steepness of the curve that the eclipses 
must be total or annular; in fact, the assumption that the orbit is 
exactly edge-on to our line of sight, so that the stars eclipse each 
other centrally, gave most satisfactory results. A preliminary 
solution made the fainter star two-thirds as bright as the other 
and one-fourth larger, the primary eclipse being total and the 
secondary annular. But the sum of the radii of the stars came out 
sreater than the radius of the orbit, that is, the stars were in contact 
—a result difficult to reconcile with the form of the curve, but 
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demanded by the great duration of the minima. The two minima 
together occupy 45 per cent of the whole period. 

Here we had a curious assembly of data. If the system were 
really two separate stars, the sum of the radii could not be greater 
than the periastron distance of centers in the orbit, but it could 
not be much less than this and even approximately fit the curves 
of minima. The hypothesis of central transit was necessitated 
by the form of the curve at primary minimum, which also 
determined the ratio of radii and proportionate luminosity of the 
two stars within narrow limits. It was therefore decided to assume 
elements in accordance with these data and compute a light-curve 
to fit them; then to compare this with the observations, and if 
necessary to repeat the process several times. Since the stars 
eclipsed one another centrally, it was a simple matter directly to 
compute the percentage of eclipse at any instant by means of the 
p-functions of Russell’s method, even for the combination of 
‘‘darkened”’ disks, eccentric orbit, and elliptic stars, which com- 
bination would present considerable complication if attacked as 
usual from the other end. Accordingly, for various percentages 
of obscuration during each eclipse, the distance of the centers of 
the stars was computed by the formula: 


distance of centers=a, (1+ pk), 


where a, is the longest radius of the larger star, k the ratio 
of the stars’ radii, and p a function of k and the percentage of 
obscuration, tabulated by Russell and Shapley. a, and k were 
assumed as above stated. A curve was drawn for each minimum 
analogous to a light-curve, but with the loss of light plotted against 
the distance of centers instead of against the phase. To compare 
the observations with this curve the distance of the centers of the 
stars for the time of each normal was computed by the formula: 
[r cos (v+w)] [1—z cos? 6j~*, in which r, the radius vector of the 
orbit, and 2, the true anomaly, were computed from the previously 
chosen values e=0.17, w=85°, while the second factor is Russell’s 
function to remove the effect of the ellipticity of the stars. This 
quantity, together with the observed loss of light, having been 
found for each normal, the normals were plotted with the 
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quasi-light-curve above mentioned and residuals directly read off. 
A few trials in this manner gave curves on both the ‘‘uniform”’ 
and “‘darkened”’ hypotheses. 

TABLE I 


RESIDUALS 


Normal Weight Rittin Mteel Normal Weight eg 
Weare ons 2 +oMor —oMor 21 2 +oMo4g +0™Mo1 
2 2 +0.02 +0.08 22 2 +0.07 +0.04 
3. 2 0.00 +0.06 23 2 +0.04 +0.04 
4 2 +0.03 +0.09 24 2 +0o.01 +0.01 
S caan.des' 2 +0.03 +0.09 25 2 —0.05 0.05 
ican xeon 2 TO.04 tO.10 20 ; ; 2 +O0.02 
Fs ne Oe ae 68 2 0.00 -+0.00 27 2 0.00 
Re 2 —0O.O! +0.04 23.. akon 3 0.00 
- ere 2 —0.04 +0.01 29 I 0.05 
Io 2 —0.04 —0.OI 30 ea 3 +0.02 0.0 
, Fat Ee 2 —0.07 —0.05 23. 2 0.04 0.0! 
Bile anemic 2 —O.01 —0O.O! 32 2 —oO.II 0.06 
- See 2 +0.01 33 eee 2 —0.04 0.02 
Poe 2 +0.01 34 3 +0.08 +0.13 
) eee ae I 0.00 35 ee 2 +0.07  +0.11 
16 2 —0.02 —0.02 36 2 —0.03 +0.03 
oy ie I +o.02 +0.02 37 2 -0.08 0.00 
f.. 2 TO.06 -+0.07 35 2 G.17 6.14 
19. 3 +0o0.02 —0.OI 39 2 —0.08 —o.II 

20 2 +0.05 +O.02 40. ; I +O.0I —0.03 
on “uniform” assumption, o“o04952 


Probable error of one normal of unit weight: 


\ 


on “darkened” assumption, o“o5577 


Like the majority of eclipsing binaries, this system seems to 
have the brighter star the smaller, according to the “uniform” 


solution, but the larger by the “darkened” solution. The “uni- 
form” curve, it may noted, fits a trifle better than the 
‘“‘darkened.”’ ‘These solutions, though each deviates considerably 
from the observed normals, represent them as closely as might be 
done without allowing the stars actually to coalesce. By the “uni- 
form” solution, the stars just touch at periastron; by the “‘dark- 
ened” they are separated at that point by 0.003 of the 
major axis of the orbit. Neither supposition seems quite com- 
patible with a stable system, but any diminishing of the stars’ 
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radii leads to much increased deviation from the observational 
curve. More accurate observations might clear up the difficulty 
here, and seem very desirable, since the system appears to represent 
A spectro- 
scopic study would also shed much light on the true condition of 


a very interesting stage in the evolution of binaries. 


the system, and seems perfectly feasible, since the maximum 
brightness is about 7™o. 

















TABLE II 
ELEMENTS 
: Value 
Element Symbol 
Uniform Darkened 
Ratio of radii of stars.............. eee k 0.800 0.850 
— . . a as 0.368 ©.445 
Semi-major axis of “msn 3 “445 
fainter star dy 0.460 0.378 
ee : ‘ brighter star bs 8 2 
Semi-minor axis of he o-33 7 
fainter star emai by ©.422 0.360 
Eccentricity of meridian section of stars .| e=V zs cosec? 2} 0.307 0.312 
Inclination of orbit .......... z go° 0’ = go 
Ecoentmicity Gf GFDE ..... 6 csi cece sea e 0.17 
Longitude of periastron ............... ss w 85° 0’ 
OR MU ions sd ho wade nine eon aecaves Has deawelcats Total Annular 
Secondary eclipse oe - — Annular Total 
Ratio of brightness of stars at perihelion to 
brightness at aphelion ees 1.09 
. : ‘brighter star L 0.600 0.722 
Light in terms of system of/; -© : ‘ a 
. fainter star Ly 0.400 0.278 
Ratio of surface brightness of stars + J/J; 2.34 1.87 
Density of brighter star in terms of sun . . pe 0.025 0.014 
Density of fainter star in terms of sun py 0.013 0.023 
Semi-major axis of brighter star in terms of sun as 3.43 4.15 
Light of brighter in terms of sun........... L, 75 
Parallax CAE, PEO a 7 07003 
Distance in light-years................. Aver wate 1200 
OC TIE oe ki ke cawansine Se epee | ere eee F8 


Assuming that each star has the mass of the sun, the actual 
The 


densities come out considerably less than the sun’s, indicating an 


radii and dimensions in terms of the sun were computed. 
earlier stage of evolution. Miss Cannon gives the spectrum as 
F8, and a computation of the probable brightness and parallax 
of the brighter component by Shapley’s formulas shows this as 
one of the “giant” stars, seventy-five times as bright as the sun 
and more than a thousand light-years distant. Residuals of the 
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observations from the two computed curves are given herewith 
in Table I, and elements in Table II. Figure 1 gives the 
light-curves. 

Phase in days 


Pome) = 
ire) ° 


— N 
= — 


Phase in days 


Fic. 1—Mean light-curve of RS Canum Venaticorum 


In conclusion I wish to acknowledge my indebtedness to 
Professor Russell, of the Princeton Observatory, not only for the 
entire method of the solution but for his care in going over and 
correcting the work as it progressed. 


PRINCETON UNIVERSITY OBSERVATORY 
August 1920 
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